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QCD in the late ’70s

e QCD was invented in 1973, and lattice QCD almost
immediately thereafter.

e |n the late 70s, Wilson was working on relatively formal topics,
implementing chiral symmetry in lattice QCD.

e Others were attempting hadron calculations with strong coupling
calculations of uncertain reliability.

e As a graduate student at Cornell then, lattice QCD made
an enormous impression on me as a way to understand
what renormalization, anomalous dimensions, and beta
functions were,

e not as a way of actually calculating things.

e | did as my thesis a difficult perturbative QCD calculation.
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e The practical achievements of QCD in the “70s were
short distance calculations done with perturbation

theory.

e QED experts found that the methods in which they were expert could be
applied to very interesting QCD problems as well.

e |In PQCD circles at the time, one often heard statements
like, “The moments of structure functions are
nonperturbative and incalculable, but the g evolution of
the moments can be calculated with QCD”.

e At Cornell we were taught that this was pernicious
nonsense.

e There was one QCD. DimReg perturbation theory approximated it well at
short distances; lattice QCD would eventually solve it everywhere.

e But for the time being, little could be calculated.
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The '79-"80 revolution

e |[n 1981 when | finished my thesis, | found that a
revolution had occurred:

e |\. Creutz had introduced Monte Carlo methods to lattice QCD
and had shown how to calculate a physical quantity, the string
tension.

e (Others had shown how Monte Carlo methods could be used to
calculate the hadron spectrum.

e Someone gave me a copy of one of Creutz’s programs,
and as a postdoc at Fermilab | began to study it.

e The program made an huge impression on me, and | began to consider it
something very beautiful.
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What was this earth-shaking program?

; e T » ‘ : 7 e . |
Ve i PR GG RAM—LAFFECECENRUT -0 U FRU T : 00015 e :
COMMON/VAR/8B, ISIZEsMDOWN(10) sMUP(10) 5 IPOWER(5) » APQ 000160 o T : T e s
| S COMMONAVAR A AT -4 8000 : pOOLTG- P = v
COMMON/VAR2/ALAT2(40000) : 000180 tf?:”;’;**“{ ’ 000950~
e L EE Ry AR AT Ry AT AT 2 e 0001T90- S peaoueviBifS . 000950
CUMPLEX ALAT1,ALAT2 000200 L2eaMzs111Ps _ 000970
e = 4] 4] -0-0r - : :
» %ﬁ;éigg $:§§§Ri$5:§*fséz roreE ' ggg§§g "”Oa*ﬁIrrlg*ﬁﬁﬁeiiws-sprwf '-~333333-
S UBROVTENE-MONTELE -G EVES—I—MONTE -CARLO—ETE RAT FONS—PER—LTNK 000246 e hGE2IEALATL(LI2) SAL2S2= ALATZ‘LIE’ ' 001000
#MUP AND MDOWN ARE DIMENSIONED TO ISIZE ALEST=ALATIL2 6} $AR6SR=ALATR (126 — o
000270 A34S1=ALATL(L34)5A3452= ALATZ(L34) goiggg“
~#DO-NOTRUN-WITH~B=0 : - 000280 R :
ISTZE=10 ‘ _ 000290 22551'32?\\;\7;2'( E45)r5A4SS2=ALATR2 (145 ) — - —0 0103 0
Il 0005001 _ aess) (ALAT1(L56))$A6552==ALATZ (L56) 001040
NMAX=ISIZE : 000310 AT351=CONYBLARATIEI TS AL S 2=~ AL ATR-H=31) 00050
e DO SNty N A 00320 LT LY INTERACTING SPINS . © 001060
( y N HAK : 000320~ e AL RS LA S TR ARES T~ AT 2S P REONYGHAR 652} ;
MUP (N) =MOD (N, IS1ZE) +1 - 000330 A12652=A1251#A26S2+A]2524CONJG (A2651) T o0to8y
=S O NN = OO N 2 S T2 B ES T2 E b ' 000340~ AL I S = A3 S A4 S 1AL 3SR HEONUGEASES DY ' ggé-ggg*-—f
DOeN=1+5 LS g Bt : 000350 Al34s52= AlBSl*A34SZ#A13SZ*CONdb(A3451) . 001100
6 LPOWERtN =35I 28Rt : 000360~ e ENT T 2 ENT A LR S A 6 5 S 1 : - F110|
?45‘:4»15125»»:4 . : 000370 C ~A12652*CONJG(A6552) 4 gOﬁég
L}JUZH—'ia"‘ir - - 000380~ E—+AT34 S+ AL 551 B b e a A
o Atiéliﬁ)=l ' . ﬁgggi:g € =~A134S52%CONJG(A4552) o ; ;3?%23
~ &7 - A C“'” = : = > - lY'k‘t'rz-llTM'tD,a.A’l-)Lc:l.;g)\é_::oq v AN IE A
oL HONTE(SO) | 000410, | C +Al2652%CONJG(A65S1) | . . ooiteg
e STOPFEND : , : &0~ e Gy A} 3 S A G5 L Bl
4 000570 C  +A134S2%CONJG(A455]) | 001180
. . v"}ﬂs‘so.. z CQN‘T I-AH IL ’ '30‘1‘*1-90—-':
ggaaouriyc MONTE{ITERéqNT. MR o . 000590 %S:LELT NEW GROUP ELEMENT ' . 001200
e GO MM G N VA RA BT ESFEEy MD TOIyMUPEL 0w EPOWERE Sy APE - 000600 o M A G = S RRTFAREA LN T 0N G- FHENT2 #CONJG-HHENT 231 ' g
COMMON/VARL/ALAT (40000) 000610 UMAGIN=1/UMAG s i e ! gggggg~t
- COMMENAVARSAAEATPA400-00 000626~ ~BAGTHMAGENSFEMP— ' - — : n ]
LEVEL2,ALATL,ALAT2 , : 000630 OME2B=1=EXP (~2#B5UMAG) -~ e e ey 83?333 5
COMPEEX—AAT L r ALA T2y G ENT L U ENT2 - ANE Wy ANE W2 000640~ e AG  l HAEOBHs —OHERBRRANFL 014 BAG A (e B ) oies
- COMPLEX A12519A26S12A65515A13513A34519A645519A126S19A13451 000650 RAD=1=AQ#%2 : | 001260
Mu-w»COMPtb%«ﬁ%rbrv#?wsﬁrkcﬁSewAi352rk343}rQ4SS&rNPcGSEykT345&*“ ~000660- e g RANFA 2 6T RAD)- 6O T06 . —-go1270—]
INTEGER X(4) 000670 . A3= SQR;(R&D)*(&'*RANF(O)*I.) ' - 001280
mroem e PPNy LR E R S EFERATHONA-S-11- : 0-0068 0+ G AL RANFA -G g S AP HANFA-D 5 : 02 og—
TEMP=1/8 000690 - AMAG=Al#R2:ADHR2 : : . E 001300
BOSINEF=4+ETER : 00 0700 s LA AMA Gy G TR 56O TO8 e 01310
SUM=0 $ oot priewid 000710 ANEW1=CMPLX(AOyA3) *UMAGIN .. 001320
585 FFE—~LOOPS T 000720 T ANEW2EEMAL XA ARy AL L UMAGINASQRTA FemA DB $ 2 A3 458 2)-LAMAG)) 001330
MA==TPOWER(2) =IPOHER(3) =~IPOWER (4) ~IPOWER (5) S 000730 ALAT1(L1S) =ANEW]I#UINT1=~ANEW2%#CONJG(UINT2) ‘001360 |
—neme e PO O Sy FSFEESXAT = T SSMBTMA+ESFEPOWERC 1) 000740~ ALAT bl EFANE AN TR+ AN EW2HE O ND G- ENT-1) e B} 5 e |
DO50US=1s ISIZESX(2) =USSMC=MB+JISH*IPUWER (2) 000750 SUM=SUM+AD®UMAG : | 001350
e B G GU G b FS EZ £S5 A S o RS S HE=ME» RE# FPOW ERCS) 00-0 760 75 0~ CONFENUE =0 03375~
DUSOLS=15s ISIZESX(4) =LSEM1=MD+LS¥ IPOWER (4) - 000770 APQ=14=SUM/ (644 #ISTZE#4) . © 001380 |
# SELECT—ETNK " 000780 PH}'NT}G‘[},—F“I“"’U’"P“‘ i 69‘1—3‘9‘9—’*
00 59 Il 194 7 % X, {—, 000790 100 FORMAT (1 ISIZE=N,I240 GROUP=SU(2) 1, ’ 001400 f
e ENTRR YN 226 - 7 060800 T CONT e By P e b A Py P e e 4 10—
%LOCAT NEXT SITE IN Il DIRECTION Lo . 000810 51 CONTINUE ' b go1420 !
- M45 =3P OWERHE- P E =Xt 7 : 000820 ‘ RETURN 003430— |
M5=M]1+M45 | X=LIS—sx & 000830 END ' T -1 001440 !
e FHEPS e EROWERLS) ' : 000840 » f I
L15=M1s111P5 | 000850 ? o
=& LOOP ~OVER-PLANES~CONTFATNIN Gk AK e — 000860~ - ! -~
DO1U2=193512=MOD(I1+J2=1y4)+1 3 % x 000870 . ’
& LOCATE~NET GHBORENG—S FFES—AND-L-INKS : 000880 . e .
M2=M1+IPQWER(I2)# (MUP(X(I2))~A(12)) : 000890 s '
e M3 =M POWE RCE2 M-t MD O X T2 )1 = XA F 2 ~ 000900 ' , e y
M4=MI+M4S 000910 ~ * : "
e 2 IP52E2 3L POWER S e > 000920~ N " - )
L12=M1+I21IP5 . . : . : 000930 ; i d
k3 =M3+F21R5— : 060949 : , i ,

g“ Paul Mackenzie CreutzFest, September 4-5, 2014 6 /25



What was this earth-shaking program?

R

- i PROGRAM—EAFFECEHENRUF+OUTRUT) : 00015+
COMMON/VAR/B;IbIZE,MDOWN(10),MUP(lO),IPOWER(S)sAPO 00016¢C
o e GO MO NA VA R AA AT -4 0600 60010
COMMON/VARZ/ALAT2(40000) . 000180
e e LB EE Sy ATAT AL AT mmrm—— (aidinmai
CUMPLEX ALAT1sALAT2 000200
A TT L CEST STEER S TEAEWES FZEWEST-ZE 000220~
# INVERSE TEMPERATURE = B 000230
= r-SUBROUVT-ENE-MONTE-C ) ~G I VES—TI-MONTE- CARLO—FTERATIONS—PER—ETNK 000240~
#MUP AND MDOWN ARE DIMENSIONED TG ISIZE 000270
DO -NOTRUN~WI-TH~B8=0 000280~
ISIZE=10 000290
B~ K s 000300~
NMAX=ISIZE 000310
s P SN g N A 006320~
MUP(N)—MOD(N,ISIZE)+1 000330
G W NN MO e P ST B TS 2 et 000340~
DOBN=14+5 000350
~ & FPOWERHN-= IS 2B h=}) 000360~
MFz4w[SIZER®4 000370
DO EF My T 000380~
ALATI (M) = 000390
& T AEAT2 M=o ~000400~
CALL MONTE(30) 000410
e S T PEEND -00-0560-
000570
000580~
SUBROUTINE MONTE({ITER) 000590
w'~-~“CUMM&N%VﬁRf&T%S%¢cvMDG#NTierNUPTIQ)rIPOﬁ:R(rerPq 000600~
COMMON/VARL/ZALATI (40000} 000610
o \-Qon%et\w“‘v"kr}i}/nx-aic\‘*v‘UUVI 000626“
LEVELZ2yALAT1,ALAT2 000630
CGUMPE EX—ALAT v A LA T2y ANy U ENT 2 ANE W ANEW 2 000540
- COMPLEX Al12319A26S12A65515A13513A34S519A45519A126S19A13451 000650
~“-"*COMPtb%«ﬁ%rbrv#?wSQrAQSSQvAﬁ352rk343’r4455&rkkc&52ykTQQS&*“ ~ 000660~
INTEGER X(4) 000670
e PHRENF - FFER S EFERATFONA-S 41 0-0068 0~
TEMP=1/8B 000690
BOSINEF= 4+ EFER ; 0-0 0700~
SUM=0 # Fat fiicw T 000710
38 fFE~LOOPS o | AT} 0'00»7'20"
MA:-IPOWER(E)—IPOWER(S)~IPOWER(4)-IPONER(5) ' \ 000730
=BS5S QS Sy FSTZESXA T = T SEMBEMA+E S EPORER G 1) 000740+
DO50J5=1, ISIZESX(2) =JSSMC=MB+JSH IPUWER(2) 000750
o e RO GG S b S EE ES RS e KRS M MEe RS TPOWERE3Y) 0-0-0 760
PDOSQLS= 19TSIZE$X(43=LS$M13MD*LS*IPOWER(4) - 000770
CHSELECTEINK i ,uﬁ'ﬂ’?’%ﬂ""
00 50 Il=le4 2 x x b 0007990
s e LN} BN R ~ 7 060800
*LOCAT NEXT SITE IN Il DIRECTION ﬁ“ 000810
- M4 S =T R OWER It ME PR R =X - ) 000820
MS=M]+M45 | X LIS s ¢ § 000830
e LIPS = EROwER-45) . - 860 840~
L1S=Ml+11IPS 00850
~#LO0P -V ER-PLANES—CONTAINTING—LENK e — ‘.&W&w,w
DO1U2=1935I2=MOD(I1+U2~194)+1] 3% x L 000870
=2 LOCATE-NET CHBORENG-S FFES—AND-L-INKS - 0-0-088 0+
MZ2=M1+ IPQWER(IZ2)# (MUP(X(12))~A(1I2)) 0008990
e A3 -1 PO WE RS2 MDD O WX CE R X T2 ) 000900 -
Me=M3+M45 000910
S e 12 IP5= 12 I POWERES e - 000920
L12=M1+1I21IP5 . 000930

L3} =M3+I21R5—

g“ Paul Mackenzie

H-0-0 94%-H
YUV INY

N\ —

o —
“e36=MI+EEPS , »
L45=M4+I121P5 gggggg—

e b MG LR RS- 000970
L26=M2+111P5 ' 000980
o HOBFA IN-TNFERA ETENG—SPENS ’-ma0099&-
Al2S1=ALAT1(L12)%Al2S52= ALATZ(LIE) ' 001000
e AL G ST EALATIH L 261 $ARE S 2=ALAT 2 (126 e 00+0T0—
A3451=ALATL(L34)5A3452= ALATZ(L34) 001020
A4S STRALATIHE 45 FALSSR=ALATR { 45 ) — e ~—00-1-030—
A6551=CONJG(ALATL(L56) ) $A6552=~ALATZ(LS6) 001040
s AF351 = CONIGL ALAT B3 TS AL S S 2=~ AL AT2-t31) 001050~
#MULTIPLY INTERACTING SPINS 001060
e AL RS LA S TR ARES T~ AT 2S P REONYGHAR 652} 0 0-+070—
Al2652= AlZSl*A2652+A12SZ*CONJG(A26$1) 001080
e AR R S E A 3S P ASA S T A T3 SR C ONTG-A T4 SR 001090
Al34S52= AlBSl*AS#SZ#A13SZ*CONdb(A3451) 001100
R B S N AL PSR GSST O'G'H"l'ﬂ"’"h
C =A126S2%CONJG(A65S2) 001120
c AT 4SS AL 554 GH‘I“BG“"“
€ .,:ﬁfzfi‘;“i?'f:"jié‘:i‘f?.im | so1ls0
C +A12652*CONJG(A6551) : ;5;;23
o Gomrone gy fo b3 i S A G S b 1170 |
C  +A13452%CONJG(A455]) | 001180
y. CQN_TTMHL : W Wal ___,‘:"'
*SELELT NEW GROUP ELEMENT : fgi;gg
~»~«ww~UMkG~b&R$+REA&+H%N¥%%€Gﬂﬂb+H%N¥%+*qu¥2“‘GdJG(UINTZ)); 00210 |
UMAGIN=1/UMAG t oo0l220
BAG=UMAGENSTEMP—— : '9“}'2"30;"“}‘
OMER2B=1=EXP (=24B#UMAG) - 5 o PR 1 ools4o
O AGS Ty AL G-~ OMERBRRANF L0 # B AG ik ) (1 B e o 0iRE g
RAD=1~AQ##2 { 001260
e F RANF b 2 6T RADS GOTFO6 —-go1270—]
A3=SQRT(RAD) # (2%RANF (0) =1,) ;001280
=G AL RANFA G S AR RANFA-G g & e 0250 |
AMAG=ALl#n2sA2852 l 001300
e LA A WA Gy G Ty B 56O TO 8 033
ANEW1=CMPLX(A0yA3) #UMAGIN [ 001320
e ANER 2SS MR XA AR AL A B I NS SQRT-A e m A D85 2 A3 552 £AMAGI) 01330
ALAT1(L1S) =ANEWI#UINT1=ANEW2#CONJUG(UINT2) ‘Y p0l1360 |
ALATF R TErA NN T2+ AN EW2HE O NT G-+ HH-ENT-1) e 0 135 g
SUM=SUM+AD#UMAG | 001350
< Qe CONT-FMUE b0 03370
APQ=14~SUM/ (Ba%4,#ISTZE##4) ' 001380 |
sz.ﬁ,\rwerwzu.,u,ﬂm ; 0013961
100  FORMAT(M ISIZE=#, 1240 GROUP=SU(2) 1, ) o00l400 !
=G ONTF it B ot gy e A g Py by P g L
51 CONTINUE Y oo01420 !
- RETLRM 0T430— ]
END | 001440 |
; »
! ]
)
~ -
i )
My notes
)
).-
f }
from 1981. | H
i g
CreutzFest, September 4-5, 2014 6 /25




e | found | could understand the whole program just by
reading it.

e The lattices were called U,
e the analogs of vector potentials were called A,

e |inks were L, sites were M.
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e | got stuck at OME2B.

e Had to actually read the manual (the Phys Rev D article).
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Science results
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Science results

SU(2) GAUGE THEORY 2313
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The plaquette:
R agrees with PT at low g2, short
distances,
nonperturbative at high g, long
- distances.

This was the real QCD that we’d
been told to expect!

This was a real revolution.

FI1G. 4. Wilson loops as a function of 8.
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Science results

This agreement with PT later

SU(2) GAUGE THEORY | _. .
lie) 7313 became a topic of research for
1.0 — ; , — , me.
i | This was the first instance that |
VL i had seen in a real calculation.
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FI1G. 4. Wilson loops as a function of 8.
coupling result
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Science results
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Science results: V(K)/A
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FIG. 6. The cutoff squared times the string tension

as a function of 8. The solid lines are the strong- and
weak--coupling limits.
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lattice
common/var/b, isize;
common/vari/alatl
common/var2/alat
complex alatl,alata
lattice=isize*xs
inverse temperaturewd
subroutine monte(i) gives i monte carlo iterations per link

2
mn{j}.mup(é),ipower(S).apq

mup and mdown are dimensioned to isize

do not run wiith b=0.
isixo@
b=2. 0
max=isize
do S5 n=1,nmax
mup(n)=mod(n, isize)+l
mdoun(n)=mod{n-2+isize,isize)*l
do & n=1,95
ipower{n)uisizess(n—-1)
mf=4#isizer=s
do 67 i=i,m¢f
alati(i)=1.
alat2(i)=0.
call monte(100)
stop
end

subroutine montel(iter)
common/var/b.,isize n(j?.mup(ZSIipouer(S).opq
tommon/vari/alatl '
common/var2/alat2
complex alatl, alat
complex vintl, uint2, anewl, anew2
complex ai2sl, a2é6s1,a6%s1,313s1, a34s1, a4bs1,al12651, 013481
lco ex al2s2, a26s2, 06%52, al3s2, a34s2, a45s2, 212652, 813452
integer x(43)

print#, iter, “iterations”’
~ temp=1./b :
—iran=1234
do 51 nit=1,iter
;' 'y 5. ’m.

®lrg

by

=t l_

er(3)—ipower(4)-ipower(5)
el ‘q'r“l "2“’-@

Once | completely understood

the program, | began to
experiment with it.
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/1\ » laffice

200 | common/var/b, is gng.@,nu; (" ipower(35). 404
100 common/vari‘alatl 02,3,2\
}  common/var2/al Btc'&« Ib 38\/

@ e J comiox siatieiae— Once | completely understood

¥ invigrse tomperaturewd
S0( ¥ subo ¢ n i /es e rations r link
o+ sullbniumemnte diberetone to satre o W the program, | began to
1000 # do Mot run wiih b=0. . . .
1100 experiment with it.
1300
14500 do 5 n=1,nmax
1500 mup(n)-*-mad(mW — \
1700 o ndoun{nl=mod(
1 Euf; 'dooznn'—'l. S
1200 6 ipower(n)uxzzl
2000 =4+ resEdl N . e o .
G mnarll s 1aTvtice : toasar(3) )
2300 &7 alat2cso common/var/b, isize, pdown 4}, mup (4, 1pOWET 1
s Cea A tenad) common/vari/aletl
2 : ; a
2700 251 common/var2/alata(1024) ) | b 3B 7/
2900 complex alatl,alat2
3000 subrou*;ino/:u' % lattice=isizexxs
3100 604 n/var/b, «a L - — A -~
3200 %:::n/vari A ., . “ e ¢ o
3300 common/var2/i| ¥ 1nvenrs = t anp eraTuTe=Do .
3400 plex alat g . - . . - . e
3500 .  \ Sk?x%?he subroutine monte(i) gives i monte carlo iterations |
3600 . |complex al@s ; - X . Ay
3700 ~Jeomprex atasf 3 mup and mdown are dimensioned to 1s1ze
38C0 fyoiinteger xtaf i
3900 prints, iter. | ¥ QO not Tun wi th b=0.
4000 temp=1./b
4050 ~iran=1234

do 51 n!t-l.
 sum=0.
A ASIRCHERT S

J

Go from 4% to 84 |attice!

s 4
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/1;.(\
200
100
400
&00
700
8GO0

200

1000

1100

1200

1300

1400

13500

1700

1800

1200

=000

2100

2200

2300

24500

2500

2600

® % %k Tt %

(&)

&7

lattice
common/var/b, isize;
common/vari/alatl
common/var2/alat
complex alatl,alata
lattice=isize*xs
inverse temperaturewd
subroutine monte(i) gives i monte carlo iterations per link

2
mn{j}.mup(é),ipower(S).apq

mup and mdown are dimensioned to isize

do not run wiith b=0.
isixo@
b=2. 0
max=isize
do S5 n=1,nmax
mup(n)=mod(n, isize)+l
mdoun(n)=mod{n-2+isize,isize)*l
do & n=1,95
ipower{n)uisizess(n—-1)
mf=4#isizer=s
do 67 i=i,m¢f
alati(i)=1.
alat2(i)=0.
call monte(100)
stop
end

subroutine montel(iter)
common/var/b.,isize n(j?.mup(ZSIipouer(S).opq
tommon/vari/alatl '
common/var2/alat2
complex alatl, alat
complex vintl, uint2, anewl, anew2
complex ai2sl, a2é6s1,a6%s1,313s1, a34s1, a4bs1,al12651, 013481
lco ex al2s2, a26s2, 06%52, al3s2, a34s2, a45s2, 212652, 813452
integer x(43)

print#, iter, “iterations”’
~ temp=1./b :
—iran=1234
do 51 nit=1,iter
;' 'y 5. ’m.

®lrg

by

=t l_

er(3)—ipower(4)-ipower(5)
el ‘q'r“l "2“’-@

Once | completely understood

the program, | began to
experiment with it.
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500 & lattice

2

200 common/var/b,isize, 'om@' mup @' ipower(5). apq

209 common/vari/alatl

400 com-nn/vir ‘/3-3t@ | b 357

@ | comilex slatl elats Once | completely understood

O o lnitue xhxzr->*4

700 ¥ inverse tesmperature=d SR e S , PR P [ T

fger(31+ls*1pomer(4
7% _. S 3.

* -
. Y g &

- 4 ring*. iter, “iterations’

4000 : tonp-l:lb .

ﬂn“ﬂ“n}i-ii iter

Go through sites in different
order.

)+ls*ipowerid4)
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-~

e LATTICE US> PROGRAM BRSED ON M.CREUTI'S 30
:J}FJ i c;unéu var g.ns::g‘npnunls--nv-\s-.x»nuquav--a-u 300 SUBROUT INK uxnauﬁbhft(":}:?l;:zg;,xpauln(s),gpn
00300 comman/vaRL/ALATE (153340 4?? cu""O“’uA~/E.lsx=‘.?DP““ t
00400 COMMOMNAVSRE . ALATESCIoIasY 500 COMMON/VARL/ALATL (16384)
20500 CONPLE T ALATIAALATS- SO0 UMMM RRELaEaTE CHE TR
00200 * LATTICESISIZN®®S i ccnﬂon/ul'thf/‘""’é"""
Qo700 * INVERSE TEMPERATURKESD »7 00 iy o i
10200 * FUSROUTINE MONTE (1) GIVES 1 MONTE CARLD ITERATIONS PER L INN 8200 COMELEX UINTLsUINTSs ANEW] s ANERS <
tmnm:u e HMUP AND MDOWN ARE DIMENSIONED TO ISIZE >9300 COMPLEX .xasx,93651.&6553-AI331733“5"”:gf;:::g:fé:::g:ié
01000 - DB NET N RETR IR FO00 COQMPLEX AL252sACHSSrALSSSsal3s2sA34sEr A
01100 1s1zu=s 7100 INTEGER x (%)
01200 pn2. 0 700 vinTi=0,
01300 NMAX®ISITE 7300 ENFEn O
01400 PO S M=l NrAx 7400 ® LOCATE MEXT SITE In Il DIRECTION
01500 MuUR (N) =M0D (N TSTZE> *1 7S00 MaSerPOMER (11> ®Owe (x (1120 =x (1122
01600 s MDON (N SMOD (N-2+IS1ZEs IS ITE0 +] 17600 MES=mM1 4145
01700 pa & N=1sS 3700 tlipS=rlereauEr (5
01800 s IPONER (N =1212Ee®(N~-1) 17200 LiS=ul+1l1rS
01300 MFEdeIsIIRSeS 77900 * LOOP OVER PLANES CONTAINING LINK
02000 DO 67 1mismw 13000 pa 1 J2=1,3
02100 R e R s I 03100 12omap (11432142 +1
02200 &7 “Lﬁyc(g}-’_ 03200 SLOCATE NEIGHEORING ZITES AND LINKS
02300 _cALL MonTE (10D 03300 ME=ml+IPOnER (12) ¢ (e (x (122) =% (12D
. ‘E.‘?? sTOR 02400 "3-"1¢'pM“(1a)O(NMNN(X‘!2))'!(!2))
; 0;§;J END 02500 md=p2ema s
| e 02600 121pSw12e1POHER (5)
| %2200 — e
j ERFOL v
; 02900 SUBROUT INE MONTE (ITER) ggggg t34::30:1:p5
03000 COMMON VAR Es ITSTZEs MDOWN LS srue (5D » 1PDKER (5) » AR 02000 LeS5=M3+1210S
03100 COMMON/UPDATE/ TEMP s TRAN U 09100 LS6=nS+12195
03200 INTEGER x (4) 03200 LEZ6=m2+111PS
03400 PRI e b4+ S g 1
03500 1rAN=1234 03500 AZ6simacnTl (LES)
02600 pa 51 NIT=lsiTER C 09600 AaZdzleanr] (L34
03700 sur=0, 03700 AeSsl=AaLAT] (LAS)Y
03800 & seLRCT sIvE ' 09300 A59S 1 =comnes (ALATL (LSE) >
03300 MAR=IPONER (2) ~IPOKER (3) = 1POUER (4) =1 POuER (5) 09300 Al3s1=cands (ALATE (L31))
04000 oo S0 1s=l,1s1zEsqd © 10000 nlese 212>
04100 po S50 Js=1,151ZE+4& 10100 ;
04200 po S0 wes=l,15IzEsd 10200
04300 Do S0 LEslsisIzEsd 10300
04350 oo S0 1c=0,15 10400
04400 ro S50 1w=0s19 10500
04500 X (1) =15+MOD (1Ws2) +MOD (105 2) 02 051
04600 X (2)wIs+MOD (18722 2) +MOD (1C/ 29 2) o2 '
04700 X () = +rOD (18785 2) +10D (10749 2) 02
mgg xwwpggwaamsm.»oe

PG = o sl o

(3> S1POMER (2) +x (4) erpaER (4)
il v
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LATTICE :‘."E\ PROGEHEM

COMMON VAR T ISIZEYMDOMN LT

o :
ol yamuE (L3 s 1O D) s

200 SUBROUTINE LINKUPDATE (s T1amlsSUMS
Go2on

\ £

400 COMMON/VAR/ B s TSTZEs MDONN (3) s uUP (3) » IPONER (3) s ARG
p 00300 - 5 AT LIS Y SO0 cammon/vaRl ZALAT] (15334
| o000 COMMOMNA MR sl T e o IT > 00 o424
[ 00S00 COMELEY ALAT — PSS 23 L8l
’ oUs 00 ® LATTICESISIZR®eS "'".-‘\ - “ ) N T4 . 5 * SO alinens otk RSk s b N T . 3 T? .s ¢N‘-‘.
Q0700 ¢ INVERSE TEMPERATURE : v - - y 4 — = ¢
oyt M s bgimisid e LATTICE SU2) PROGRAM BRRIED UN "-LREQS? A
00300 ® MUP AND MDOWNN ARE DI . 2 p LY . -
01000 & DO NOT RUN WITH B=0. CQNMQwaRR!SQISIZE’MDDNN\8~’"U’\ 1ea
01100 T334 L2- e e—— —————————————— —— — 4
01200 pw2. 0 . aslslsinllE p T <
0Lt300 NMAX®ISIZTE a -
oiq00 PO S M=l nreA — R o .
vU1sSoo0 MUE (ND) =M0OD (Ne |

01500 L) MDOMN (N SMOD O E E 1 I ::~i
01700 PO 5 N=1S |

01900 nredersizEees ) *® LATTICESISITE®®S

LUSULULY pO 67 1mismF

100 msmeosic | & INVERSE TEMPERATURESER

i T SWeitie) e SUBRDUTINE MONTE(I) GIVES I MONTE CARLO ITERATIONS PER LINK
.+ ™" Note high degree of intellectual probity.

02900 SUBROUT INE MON,

oo Ll eewnonne Glves credit but not blame to original author.

03200 INTEGER ¥ (4) oaéoo LEe=m2+111rS
; 03300 ERINT® ITERs ' ITERATIONS 02300 * QETAIN INTERACTING ZFINS
3 03400 TEME=],/D 03400 Al2sivacaT] (W12
j 03500 rAaN=1234 03500 AZbslemacntl (LES)
4 02600 pa 51 NiT=lsiTER 09500 AZdzimacnrl (L34
’ 03700 sun=0, ! 03700 maSzl=AaLAT] (LS
t{ 03800 ® SELECT SITE 09300 ABSS 1 =cones (ALATL (LSE)
03300 MAR=IPONER (2) ~IPOKER (3) = 1POUER (4) =1 POuER (5 03300 Al3zl=cands (ALATL (L3I
3 04000 po S0 1s=ls1s1zZE+d 10000 - =ALATS (L12)
A 0s100 pa S0 Jgz=1,151ZE+% 10100 ACEE2=m AT (L2S)
04200 po 50 wa=lsisrzesd 10200 MEIALEZRALATE (L34
04300 po 50 LEslsisIzEsd 10300 ALSIZSALATE (L4S)
04350 oo S0 1c=0,1% 10500 AnSs2=- (aAaTe (LS5 )
04400 ro S0 1p=0.19 10500 CALATZ (L310)
u4asan XxCPD=15+m0D (12 2) +MOD(1C» 2) o2

s 1 * MULTIPLY INTERACTING SFIN
04600 % (2)mIs+MOD (1B/23 2) +MOD 1/ 2+ 2) 02 , : Al26sl=aleslenzosl
04700 X =S eMOD (1B 99 2) 10D (10 49 2) o2 ‘ , tesremnicnienitss

03500 ¥ (A =Lg+MOD (19/3+2) 0 s
04300 mi=ras ; A A

05000 OLER
05100 ut.:crn:::' 1 (14 (@) S1PONER(2) +x () 61m0HER (3) +x (4) ermauER (4>

g;ggg po S0 11=1,4

cALL Lw, DATE Gt TLaml s SUr>
os‘oo so : ml" ;l * _'.0-". ‘1...
05500 - APE=1. =sum. - y
05600  eRINT100»]

o

Paul Mackenzie

b
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-~

e LATTICE US> PROGRAM BRSED ON M.CREUTI'S 30
:J}FJ i c;unéu var g.ns::g‘npnunls--nv-\s-.x»nuquav--a-u 300 SUBROUT INK uxnauﬁbhft(":}:?l;:zg;,xpauln(s),gpn
00300 comman/vaRL/ALATE (153340 4?? cu""O“’uA~/E.lsx=‘.?DP““ t
00400 COMMOMNAVSRE . ALATESCIoIasY 500 COMMON/VARL/ALATL (16384)
20500 CONPLE T ALATIAALATS- SO0 UMMM RRELaEaTE CHE TR
00200 * LATTICESISIZN®®S i ccnﬂon/ul'thf/‘""’é"""
Qo700 * INVERSE TEMPERATURKESD »7 00 iy o i
10200 * FUSROUTINE MONTE (1) GIVES 1 MONTE CARLD ITERATIONS PER L INN 8200 COMELEX UINTLsUINTSs ANEW] s ANERS <
tmnm:u e HMUP AND MDOWN ARE DIMENSIONED TO ISIZE >9300 COMPLEX .xasx,93651.&6553-AI331733“5"”:gf;:::g:fé:::g:ié
01000 - DB NET N RETR IR FO00 COQMPLEX AL252sACHSSrALSSSsal3s2sA34sEr A
01100 1s1zu=s 7100 INTEGER x (%)
01200 pn2. 0 700 vinTi=0,
01300 NMAX®ISITE 7300 ENFEn O
01400 PO S M=l NrAx 7400 ® LOCATE MEXT SITE In Il DIRECTION
01500 MuUR (N) =M0D (N TSTZE> *1 7S00 MaSerPOMER (11> ®Owe (x (1120 =x (1122
01600 s MDON (N SMOD (N-2+IS1ZEs IS ITE0 +] 17600 MES=mM1 4145
01700 pa & N=1sS 3700 tlipS=rlereauEr (5
01800 s IPONER (N =1212Ee®(N~-1) 17200 LiS=ul+1l1rS
01300 MFEdeIsIIRSeS 77900 * LOOP OVER PLANES CONTAINING LINK
02000 DO 67 1mismw 13000 pa 1 J2=1,3
02100 R e R s I 03100 12omap (11432142 +1
02200 &7 “Lﬁyc(g}-’_ 03200 SLOCATE NEIGHEORING ZITES AND LINKS
02300 _cALL MonTE (10D 03300 ME=ml+IPOnER (12) ¢ (e (x (122) =% (12D
. ‘E.‘?? sTOR 02400 "3-"1¢'pM“(1a)O(NMNN(X‘!2))'!(!2))
; 0;§;J END 02500 md=p2ema s
| e 02600 121pSw12e1POHER (5)
| %2200 — e
j ERFOL v
; 02900 SUBROUT INE MONTE (ITER) ggggg t34::30:1:p5
03000 COMMON VAR Es ITSTZEs MDOWN LS srue (5D » 1PDKER (5) » AR 02000 LeS5=M3+1210S
03100 COMMON/UPDATE/ TEMP s TRAN U 09100 LS6=nS+12195
03200 INTEGER x (4) 03200 LEZ6=m2+111PS
03400 PRI e b4+ S g 1
03500 1rAN=1234 03500 AZ6simacnTl (LES)
02600 pa 51 NIT=lsiTER C 09600 AaZdzleanr] (L34
03700 sur=0, 03700 AeSsl=AaLAT] (LAS)Y
03800 & seLRCT sIvE ' 09300 A59S 1 =comnes (ALATL (LSE) >
03300 MAR=IPONER (2) ~IPOKER (3) = 1POUER (4) =1 POuER (5) 09300 Al3s1=cands (ALATE (L31))
04000 oo S0 1s=l,1s1zEsqd © 10000 nlese 212>
04100 po S50 Js=1,151ZE+4& 10100 ;
04200 po S0 wes=l,15IzEsd 10200
04300 Do S0 LEslsisIzEsd 10300
04350 oo S0 1c=0,15 10400
04400 ro S50 1w=0s19 10500
04500 X (1) =15+MOD (1Ws2) +MOD (105 2) 02 051
04600 X (2)wIs+MOD (18722 2) +MOD (1C/ 29 2) o2 '
04700 X () = +rOD (18785 2) +10D (10749 2) 02
mgg xwwpggwaamsm.»oe

PG = o sl o

(3> S1POMER (2) +x (4) erpaER (4)
il v
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1111 e LATTICE (2> PROGRAM BRSED ON M.CREUTICS \ /““

COMMONS VA o 3 TTE s MDOMMN ¢ I aMUE LD s IO L LE T, L '.‘-H’ SUBROUT I NE LINKUPDATE ! ‘.]lvH'Av:'l_lr-Q‘ =
: » | -417]‘:'0:]‘4 \ ":‘. > »-:‘ "nT '." in 5 ‘l 400 COMMON/ VAR B 1S x:"n?:_]“" (S emupE !t S IPOMER (D) » [l de)
00 COMMONA VAR AL ATE CToIue) SO0 caMmoN/UvaRl SALAT] ¢ l':f»j?""
00S | COMPLE-ALATLaALATS o500 TOMHMOMNLLARRE LR TE CHeTEe
{ ® LATTICESISIZR®eS 50 COMMON UFDATES TEME s [ RAN
04 ¢ INVERSE TEMPERATURESY . 700 T-‘ﬁ;—n&;_g\‘.' ALATIsauLnTe :
0l . SREUTINE MONTEC(I) GIVES 1 MONTE CARLD ITERATIONS PRER LINK 00 COMFLEX UINTIsUINTSs ANEW] s ANEWC - PO 124=
IS0 ®  pILF ﬂ’-:xf-:'.:n‘o ARE DIMENSIONED TO 1 F100 >200 | COMPLEX n'.."_'_:i'ﬁ\:_’_"‘vl-N'.":_'Sl"‘l-':sl"':-";:!"'4:5!"_“5-?::&‘.; :’:;3,
{ ® DO NOT RUN HWITH p=l, 000 L._:_Qv‘pl_g ¢ Al2E2sAChsSSrALSESsAl32EA 3432 AdSsSrRlEnscrAl 395C
011 ISIE™ 7100 INTEGER X (4
o120t pn2. 0 7200 vinTi=0.
i U NMAX®ISITE 7300 B
D141 DO S N=] s NmA 7400 * LOCATE MNEXT SITE In Il DIRECTION
V1500 MUP (N) =0D (Ns 1STZE 1 'So0 naSsrpoMER (11> e Omue (x (112> =x (210D
Nis00 S MDOMN (N SMOD (N-2+I1S1ZRs IS I8 +] 17600 MS=M1+M4S
01700 pa & N=1s3 T T00 tlipS=rlerpauEr(S)
o1300 (3 IPOHER (NI =1 1ZEe® (N1 17200 L‘S-‘!"A'llxp‘,'
01300 MFE4eISIZRS*S 7900 * LODP OVER PLANES CONTAINING LINK
vcbo DO 67 I=isme 12000 pa 1 J2=1:3
02100 AT Sty 33100 1Z2emapCIl+32=1s42+1
G22ou =T ALaT (rr=p. 0s200 SLOCATE NEIGHEORING ZITES AND LINKS
02301 cALL MonTE (10D 03300 HE:nlf;pQ“gp\xe)olnn_ap(‘-(12))-xl13))
02401 s$TOP 02400 M3sMl+1POnER (12) ¢ (MDamN (x (222 ) =% (1222
02500 END 03500 md=p el
02600 121pSwiZerPoucn (52
ot L1Z=nt+r21eS
RO U 31=pm3+12
02900 SUBROUT INE MONTE CITER) :;-1‘::;.:; ::2
03000 COMMON/ VAR, Bs TSTZES MDOMWN (5D sruw (5D » TPONER (5) s ARD 02000 L4S=md+121m5
03100 G TR T I semisrizies
03300 EFRINT®ITERs " ITERATIONS lzl'f_:_'(.lf:l z LZO‘”\.*X l I’S
: : = U300 * QETAIN INTERACTING ZFINS
i e ke 03400 A12s1macAT] (L12)
B3ED0 A NG D 09500 AZ6s1mALAT] (L2S)
03700 sur=0 09500 AaZézleacnrl (L34
9798 Ly = 0700 AeSzl=aLAT] (LES) g
03 09300 ASSs 1 =candes (ALATL (LSE) >
04 09300 Al 35l =cands (ALATL (L31))
04 10000 =ALATE (L12)
0 . 10100 AZbs2=m AT (L25)
| If any of you talks to my wife,could | T R
4 & 9 10300 ALSIZEALATE (LS
i 5 10400 AnSsa=~ (mATZ (LIS )
. 10500 o CaLnT2 (L3110
| you tell her that | have all of those | = ot i
2 10700
s . 10200
1b f stuff in the b tf f |
+ DOXES Of STUIT IN € basement 1rrom 11000 3
. 11100 -
3 11200
| grad school and postdocs stored for| .
e 11400
g ' 11500
° .

scientific purposes, and not because | 1
I’'m too lazy to sort through them!?

F333

Jt
__FE
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he

Programming style

What made the SU(2) program so useful as a tutorial?

WILLIAM

THE ST RUNKJR
BLEMENTS =WHITE

wulla n i ok o] ever gy covd Pngorat st

PROGRAMMING i
STYLE

Kermghan and Plavger O

FOURTH EDITION

Kernighan and Plauger’s Elements of Programming Style has
much good advice about programming. Mike's program
exemplifies many of the simple rules it recommends.
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Programmlng style

o .
{ - & PNGG%A% 1A }"{'}CQ{TMQHT r\ur}_nd_r} ] . a-(}O-Pbm. I . -—-!
COMMON/VAR/8y ISIZEsMDOWN(10) »MUP (10) 5 IPOWER(5) 4 APQ 00016¢ — - '
e e GO MMONA VAR A AT 4 8000 o00LT6 g
COMMON/VAR2/ALAT2(40000) . 000180 ‘eI 4=M3+ RS
e LEVEE Ry AEATF Ry AL AT S 0C0150- L4S=M4+I21P5 greaso™
CUMPLEX ALAT1,ALAT2 Annaan = kS 6=ME IR RS- e easd ]
Ty EATTL 500950
# INVERS Y 0
4 0 009G o
H-SUBROL ' 001000
#MUP ANLC et} ()
-oD0-NOT- 001020
I¢ :
: =0 01-030—
-_..._,._.,.._...._.__B_?_-
- 001040 -
W : , K&P = mios |
o rite cieariy — aon't 00 ciever. 001050
et — 00079
2 be 001080 |
_ 01059
_.6,.,m...,.w{,.; 001133 ,
_ g€ e (O]
) F. 001120
AL =0 0136
.yé:fw_w..,.mé: : 001140
: —— 01150
st o s S Fo O U A Voo Ao g - A SO Z TLUNVOLADDDY ) . |
srerstJ 000560 mwwm««em_+§$§Zs+wA4§sz ! . bolis0
000570 C +A134S2%CONJ A6 e
. c vﬁﬂs‘so.. } CQN_TTMHL ‘ G(A4SSI) ; 001180 d
COMMON AR A E ST Hoy MO DI Oy HUP-HL O rEPOWERES1yAP Sobgag: . SELECT NEw GROUP ELEMENT 001200
T 4 vEPOWERtSTyAP 000600~ e UMAG =S CHENTE S CONIG-L U ENTI -+ ENT NG I NT 230 J
CoHON yARL/ALATI (40000) 000610 UMAGIN= Lyomne i eREONISrIINTZI ;. 0E2lo—
T leVeLzuaaTi,acare o0 000626- BAGBHAG ENSFEMP— | ooiz20
’ ! 000630 OME2B=]1=EXP (~2#8%U o A o . C "
: CGUMPEEX—ALAT Hr A A T2y U ENTT v 1 INTF2-ANENTANEWR 0-0-0 540 g A ey +A RO B L Cgfagﬁgl R bt b B LOMFp R A \//‘ LEPE A0) 001240 q
COMPLEX A12519A26S1»A65515A13S13A34519A45519A126S1+A1345) 000650 RAD=1=AQ#52 i 7 S — Q125 O
T OHPEE R A L2 SRy ARG SRy AGS SRy AT IS 2 AT A S 2 Y A4 5S 2T ATR6S 2y AT 345 E— 000660 e EF R AN b Py 6 T A D B OTO6 [ o0l260
INTEGER X(4) 000670 Ad= soR.(Rau>*(2*§ANp25?lfu, T00tET0—
s e PHE Ny LR EREFERAT O NS4 ] e py e et N e b ;001280
f 000680 -8 AL=RANPA-G s TR AP =RANFAD Iy S N
ZEZ?M}QB‘ N 000690 AMAG=AL##2+AR%52 00290
o wh i B a S B e 2 : - 0-0 0760 B I L . SV V. ¥ - =%, Y 25460108 : i Ogégoo ’
N EHQ"S §opon frievd 000710 ANEW1=CMPLX (AQyA3) #UMAGIN : 3013§§ |
TR ATETRYETS - s T 000720 e ANE R 2R EMPEX Ay AL A OMA I NS SQRTA{ Fym A Q8 5 2 A Bt A % n
MA:"IBOWERsf)“IPOWER(B)"IPOWER(‘#)"IF’OWER(S) ' i ‘I . 000730 ALATI(L‘S)"ANEWI*UINTI ANEV’E*CONJQ(UINTZ) H23-FAMAG)} ; 39‘1‘3”30"’"‘
— PRGOS =y FS T AR S XA T = T S EMBEMAT FS LR ORERC 1) 00740~ A LATF 2t S A NS AN 2+ ANEW R+ E O N G- HHENT-1) ‘? 001??0 .
000750 SUM SUM*AO*UMAG i gg‘ﬁ?gm

DO50US=1,ISIZESX(2) =JS$MC= MB+JS*IPUHER(2)

e DR GG S I P ES RS =R SEHE -
DOSOLS= lsTbIZE$X(4)"'LSli
*:LLECl b *
00 5 Il ls4
s e LN} BN R
*LOCAT NEXT SITE IN Il DIRECTI
e s M 4 B R O R T M R X*(“I‘H*
) MS5=M]l+M45

w*w*ww~4a}PS~%+»4R0%SR+5+«--w--3fﬁ ?;f;:?_?q-fj-"

L1s=M1+111IP5
=& LO0P -OVER-PLANES—CONTAINENG-LT"

DO1J2=193512=MOD(I1]1+J2~ x,a-.” R SR,

~#LOCATE-NET CHBORING-SFTES—AND—k-.;

16

Beclear s

- f,,,.L-__._.__-....-_.vl-v.VQo u=y "

M2= Ml*IPOWER(IZ)#(MUP(X(IZ))“K(IZ)) 000890
e M3 ] POWE RHE2 - MD O MR X T2 91 =X -1 201 000900
M4=M3+M45 000910
oo} 2 FPE B ER2 U POWERA S e . 000920
L12=M1+121IP5 : : : 000930
k3 =M3+F2ER5— 089949
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oot

CreutzFest, September 4-5, 2014

16/25



Programmlng style

e DO G GRSy S FZ EFHA B = RESHE -
DOSOLS=14 ISIZESX(4) =LSSM],

#SELECT

{oogt atiat

00 50 Il=ls4

s e LN} BN R

*LOCAT

NEXT SITE IN Il DIRECTI ™,

e MG B2 R QR MR

MS=M]+M45

L1s=M1+111IP5
=& LO0P -OVER-PLANES—CONTAINENG-LT"

DO1J2=193512=MOD(I1+J2~ I)ﬂ'n. ) ;
~#LOCATE-NET GHBORING—SEFFES—AND—L-. 12 T e

MZ2= MI*IPOWER(IZ)*(MUP(X(IE))~K(I2))
e A3 =T POWE RGCE2 HMD O BN T2 P X F 2 )

M4=M3+M45S

e} 2 FPEDER UL PO ERA S I

L12=M1+I21IP5

= "%

"3'35'fgff}??i'5lff.?'}{f-:?fj 1 6 B = CI ear

s SR T NG YoV, WP OLS — -' -

000899
000300 -
000910
s 000920
) 000930

rh ,""L'—_'_'""‘"'—V'V‘VQO u=3 "

-'- .- )

S .
- i PROGRAM—EAFFECEAENPUT - OUTRUT) - 0O0LE . — .
COMMON/VAR/8y ISIZEsMDOWN(10) »MUP (10) 5 IPOWER(5) 4 APQ 000167 e -

S — »eomwwgﬁxbﬁk{ 40600 SAEIAE .
COMMON/VAR2/ALAT2(40000) : 000180 EIGEMI+HITTPS :
e LEYEE Ry AR ATy AL AT e 000190- LAS=Me+121P5 3 33’32’3*
CUMPLEX ALAT1sALAT2 AANaAA =k B HEME IR RS- e G 0-0-97-0
TEATTIC ' 000980
# INVERS e e ) 0 GG ]
-Hr—-SUBROL ' 001000
#MUP ANL T (X f o1 1
»’*bDO"—N&T-: 00102¢
1< — 001030
E—L © 001040
NI . 4 K& P e 00 G 0
e BE erte Clearb} J— don t M too Clever. 001060
MU 0 0L 070—
G M 001080
f{’t 00090
~ gt} 001100
MF e g
3 f. 001120
AL B 3 Tl
Ak © 001140
e g 03 }50—]
- 8 s = N ! 001160
4 g 6gi170
| 001180
SUBROU """’“‘"‘”".‘“‘“‘0{%}:}—9-0——;
s () M Y ! 001200 .
COMMON, B—— 0'0"3:*2"1”0**:
Commion . : K&P L osizz |
LEVEL2 - —f o—
cevele Use library functions.
 COMPLE, e — 0 01 R5 O
e e COMPEE | oo0lze0
INTEGE! 0L 2T O |
R S T & & Y -8 ; 001280 K
TEMP=1, ‘T’”’gg“fg%‘“oo !
PO Y4 NI ok
s ngo-} (013 10—
~# S FE~LVOPS ety 000720 e ANEWR RS HAEXAA Dy A5 GHAGT NSRRI Tem A Do 2 A SR 2I S AMAGI) 1 ggﬁggg
MAz=IPOWER(2) =IPOWER(3) = IPOWER (4) =IPOWER(S) tem 000730 ALAT1(L1S) =ANEW]I#UINT1=ANEW2#CONJG(UINT2) {01340
e OGS by ST AESHA T = T SHMBEMA+F SR ORER¢ 1) 00740 ALATF -t AN+ M 2-ANEWR - COND G-HHENT-1} : 00350~
DO50US=1, ISIZESX(2) =USSMC=MB+JSHIPOHER(2) ooo"/sol SUm= SUMAQSUMAG ! b

nnlden

e

L}x,..H_JZLL I E‘IPL‘

';2 Paul Mackenzie
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YUV INY
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B ——— Bl o —

- - PROGRAM- LAF?’:CF&IP‘PUT,OU’(P'&T} e OO -
COMMON/VAR/8s ISIZEsMDOWN(10) sMUP(10) 5 IPOWER(5) » APQ 00016¢ S —

e S GOMMONAVARTAA AT - w&e«}‘ 00OLT0- 34 =M3+ETRS

COMMON/VAR2/ALAT2(40000) : 000180 ~4‘*-'w”u P5- 0BG
e LEVEE Ry AEAT R AL AT e 00019 LiS=Mas121P5 000960

CUMPLEX ** *~- : e 00 970
~e-LATTECESTSE 000980

# INVERSE TEM e ) GG 9O g
- SUBROUT-ENE- ' 001000

#MUP AND MDOW 00 00—
~# DO-NOTRUN-W 001020

ISIZE=] “““‘*‘“83{8‘3&*
- ' K&P s

NMAX=IS (00 50
e Don’t over-comment.

MUP (N) = 0 00T

By e B L NN 001080 |

DUBN=1, 00090

— G e LG W ERA « 001100

By

e OGP - 20|
ALAT 1 (ﬁ - - - THISTILTWYINMOLASDDZ ) ‘-‘_—gg-f%ig

~&T ﬂ&:‘A“'T‘C“v” = ~0-0-0 400~ :INTZ_::TMTQ,..A’IQLS}A)\{J:CQ . e 4
E%L MONTE (30) 000410 C +A12652%CONJG(AB551) . 001160
e SO PEENG 000560~ oo ~ Gt AT B b SHEAL S SP 01170
000570 C  +A13452%CONJG(A4551) | 001180

05«80—- I‘QKLTTP\HIL : !

: 00 GONT-IH =GO

SUBROUTINE MONTE(ITER) 000590 *S:LELT NEW G%LJP EL:-.M:NT © 001200

L CUMMG‘WV‘MT"?‘WMF}MW} lnw. MH-}-h'I f\\ .«ronu’ btz __._ - R 9 NN ' O—G—}-—Z&G*«N

_wggﬁ:e o t o0l220 |

LEVEL - C =T 00230

e GUMPE e (1, Exromes) 0 001240
C COMPL . 7 ' ; 001 250—

oo e G OMPE e gt Ay AR A D S H-r;;;yc y-;r_jvra""r‘%Q:rbc.’r‘R"I“’Cbb( y A'I“J‘f&d"“—w “‘00066@* '~ e -PF %R*M‘u’:{ f)) g 'Lur‘Cz T+ -mu) CG'FGG i gg'i‘ggg—’:
INTEGER %(4) 000670 A3= SOR:(R&U)*(z*RANF(O)wl.) _ 001280

R L }W»mswmmwxux— - ~hoene - . - . l 0(}1—29%5“
[T}S“"P R -y 001300
T—BESE . S .o (01330
o SUm= 1 I I Il . [ 001320

~# 5L FE-LOOR, Grr ——0-0-+33 06—
MAzw B N uuuusu m«Auu.':n-»Ntwlf*Uler—ANtwa*CONdu(UIN T2) ! 0013640

- -"‘“‘—“““9956”1“5'"1"a’*f‘ﬁ‘f‘m*(“ﬁ"‘x S—%WWIS%}PQ#;H 1 00740~ ALATF 2L T AN YA F2-ANE S W2H#EONDGHHENT-1) } 001350 |
DOS0US=1 ISIZESX(2) =JSHMC=MB+ISH IPOWER (2) ooo7so 5o ggnx—?UZtAMUMAG | 001350

e e DO GG = E FS FZ ESHA B RS S M= MES RS FPOWER{3) 00-0 760 75 0~ CONFENUE b0 03376~
DOSOLS= 1,rsxzassxm=Lssmzmou_s*wowsm4> - 000770 ﬁsﬂ lo-SUW56~“4 +FISTZE##4) ' 001380 |

# SELECT—EInK : " ~0-00-7 80 CINFLO O IS T ZEy ByAPR : 355"
00 S0 Il=ls4 > x b 000790 100 FORMAT (" ISIZE=", 12,1  GROUP=SU(2) 1, | ‘60%400 |

e e INT LU ENTFR 20 : ; 060800 = CONTF— At Bty F g Mmoo Vg Pty Fo g} e 001430
#LOCATE NEXT SITE IN Il DIRECTION L 000810 51 CONTINUE ' 001420 !

45 =T POWEREE I PR T =X ,’ 000820 - RE-FLIRN 001450
M5=M]+M45 | XI5 s 000830 END -1 001440 '

e FHEP S EPOWERLS 900840~ :' "
L15=M1s111P5 000850 ? 3

~#L00P ~OVER-PLANES—CONTFATNENG L MK s — 000860~ : &
DO1J2=193512=MOD(I14J2~1y4) +1 3 x x L 000870 ’

-0 LOCATE-NET GHBORLING—SFFES—AND-LINKS : 006880 ; -
M2=M1+IPOWER(I2)# (MUP(X(12))~A(12)) 000890 s !

e 3 =TT PO RERCER D O R X T2 = X1 29 060900 - — ;

M4=M3I+M45 000910 -
-------------- 12 IP5RE2 4 POWERAS I - - 000920~ - Q - !

L12=M1+121P5 . : 000930 | d

L3 2M3+Ep L PS— 0-6-094¢ , !
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b - PROGRAM- LM?}CF{INPUT,Quwm; , CO0LE . — S
COMMON/VAR/Es ISIZE,MDOWN(10) sMUP(10) 9 IPOWER(5) » APQ 00016¢ '
| S COMMONAVA R AL AT 40000 00070 T
COMMON/VAR2/ALAT2(40000) , 060180 34 =M3+ LIRS
e LEYEE Ry A ARy AL AT e 010 L4S=M4+121P5 008950
CUMPLEX ALAT1yALAT2 00050 k56 =ME+ TR ERS- 000950
~—EATTICES 009970
& INVERSE ' 000980
~#r—SUBROVTE TTT000990—
#MUP AND M| ___9oolooo
=0 DO-NOT-RUI 8gfg§g“
S e
e abl ha hi K&P __001040
i Use variable names that mean something. —omase
st e
PR it —00T090—
& 52?22 . 001100
D96 at(1s TR
A — 003150
s . VYV Ve sy - A 5 e
R o ot 22‘3‘“25;18:\‘;E(3 ) ~0- 00 400~ L.I,:?éf&?ﬁrgslj:’gigii?iioq : 001140
e PN 000410 C +A126S2#CONJG(A655]) TS
‘ 000560 e Gt A TS 4 SE A G5 L Qoilec
000570 C  +A134S2%CONJG(A455]) 0070
SUBROUTINE MONTE(ITER) ggggggi ;S:LEL$QQZiM;;ObP ELEMENT ? 'gg;igg*:
T GO O AR S TZEY MO T 0Ty NUPT 10 rTPORER STy APR 00 e A= SRR T REA L N1 | o0l200
B COMMON/VARL/ALATI (40000} gggzgg‘ SSAGIN l/UMAG&. ONIE-HHENF -+ ENT2HEO NG LI NT2 ) ——00+210—
CEVECE hATs s ahgs 0 000650, Ezbot-Ear (20 —roizse]
* 0 o M 2 NS R / Ty 0 -
—CUMPEEX—AEATHr ARAT 2y B ENT Ly UENT 2y ANE W ANEWR goggig- 6-_—wgeiﬁi llié?f Z:E:EEQEAHQ,A..JZAP oriapz ani) (1, Erzwumsc) i 001240
CUMPLEX A12519A26S12A65519A13513A34519A45519A126S1+A1345] 000650 A Ly AL O h = OHEBRRANFLO ) 4B 5 ERRNED SO,
e e GUMPEEX AT B S 2 AR ES Py AES S2r ALTIS 2y A4S 2y A4 SSBrATE 6.8 2y At 5 e =000 & 60~ '~~w-~~—~—~-~}F-eR,e;t\.F{f))-"-M’L,{,,',‘,,U;CQ}'QG i 001260 -
“wmmmuwméﬁ;Sgii%ié:lh%¥sg&;%9N*$JJL 000670 | A3=SQRT (RAD) # (2#RANF (0) =1 ) e
AN RAT 5 000680+ B A L RANF Gy SHAP=RANEAD oS . 00lza0
BOSLNL Pt EiTER 000690 AMAG=A] #9 254282 T oorEse—
OSTNEFerrIFER . e OOFOO I (AMAGT G Ty 25160708 |+ o0isoo |
ws~1-’r~e—=z“g"g § pn friewsd ggg;i}g :mgw;ﬂmmg,mwwmm _‘ 33@%’3”‘%
A4 3 o = - iy " - e £ *A——L—)‘ib M 1 —fy - 3 Cod v ;n
MA==TPOWER(2) =IPONER(3) ~IPOWER(4) -IPOWER(5) o teet 1 000730 ALATI(L‘S’"ANEWI*UltilAgigjggﬁg:ju(Ulg?;? hISSRAMASH e
=PRSS by FSE RS XA T T SEMBEMAY F SR ORER 1 0007460 A LA - AN AN F 2 AN E W2 6 O NS HENT-1) ; 001?‘40 -
DO50J5=1, ISIZESX(2) =JSSMC=MB+JSH IPUWER(2) 000750 SUM=SUM+*AD#UMAG b l 09—}.55@“_1
o DOG GRS = FS T2 ESHA ST S KOS HO=ME T KSR FPORERS) 000760~ B 0 CONTF-ENGE | 001350 |
DOS0LS=1, ISIZESX (4) SLSSM1=MD+LS* IPOWER (4) 000770 APQ=14~SUM/ (6e84 .5 1SIZE#74) 003370~
*:LLEC' Ll”“ . ) vuﬁ'ﬂ"?’ﬁ’ﬂ"" HH}.”T}G&,‘F-JILL.)U,HP\: ‘, 001380 =
00 59 Il=ls4 2 x b poO0790 100 FORMAT (H ISIZE=N,I24n GROUP=SU(2) 11, | v()-l—.%}e—'
T INTEEU N R 7 080800+ T CONF e Bty b by Ay PRty Ry L oaii00
#LOCATE NEXT SITE IN Il DIREGCTION E 000810 51 CONT INUE T oeEe 0
— %5-199w5%€11>*4He94x<:1;; KA-FI i 000820 : RETFURN __boléze
M5=M]+M45 ! )( ~LIf s g § 000830 END T UW‘SO""‘)
oo FHEPSS T EROWERLS 000840~ [ 001440 |
L15=M1+111P5 000850 | !
= #LOOP ~BVER—PLANE S—CONTATNENG LMK - 000860+ ! a
DO1J2=193512=M0D(11+J2=1y4)+] 3 % x L 000870 ’
-6 LOCATE-NET GHBORENG—S FFES—AND—L-INKS : : 000880~ -
M2=M1+IPQWER (12) # (MUP(X(12))~A(12)) 000890 | )
o e A =] PORE REER - MD O R X T2 P =X F 2 060900 - i E
M4=M3+M45S 000910 )
~~~~~~~~~~~~~~ F2IPSSEROT POWER S . 060520 -
L3} =M3+E21R5— 60540 ? >
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o o
- & PNGG%AH‘ 1 A F'{'}CQ{TMDHT nu‘;’}_‘ud_}"} - 0'0*0'}:5«' ! '«
COMMON/VAR/84 ISIZE s MDOWN(10) sMUP (10) 5 IPOWER(5) 5 APQ 00016¢ |
| S COMMONA VAR AAEATH-4-86-0-0 oO6LT0- B
COMMON/VARZ/ALAT2(40000) . 000180 345 =MB3 1T PS-
e E Ry A A AL AT — 0C0T0- L45=Ma+I21P5 009950~
CUMPLEX ALAT19ALAT2 00030 kS GEME+ TR ERS- ____ 000989
“w-EATTICES ——0 00970
# INVERSE | - 000980
~#r—SUBROVTE TTT000990—
#MUP AND M MVOIO‘IOOO
~#DO-NOTRUI ggfggg"
IS1ZI
hw*wuw—3=§7' —001030—
001040 -
o U abl that thi K&P oo
o ~0 0050~
051y S€ variaoie names mean someining. 001080
it o
DOBN: 4
R LT e
o 001100
. hEs A i TS
232:! 001120 |
oy P e B AT ot M e ﬁ;(‘;a;{;;_ C Y-Al 34522 CONJG(AL552) ;~-———003-§—%~2.g~._
CA M N ‘ l :&:Tz—llT&lTQLA\345}1&APEC‘Q A s i -
"'“”‘*—*W-ST%:‘S&'%.S"‘TEGO) 000410 C +A12652%CONJG(A6551) 8050
00560, e G AT S SR 55 L po1160
0 70 C  +A134S2%CONJG 5 b 01170
SUBROUTINE MONTE (ITER) o009 e e — | 003190
000590 %S:LEL.T NEW GROUP ELEMENT : SS9 0—
T OO R TS T2 ET MDY Ty MUP L) Y TPOWER {51y 000600~ NG =S RRT-LREA L TN F L OG- EANTL - LT - 001200 4
| U MW~UM &. e HENT-2 o =
S O ARL/ALATL (40000) 000610 UMAGIN=1/UniAG FrTUTEeoNe NI ;T ookaro—
RO it 000626- naSinlias ot
’ ’ 000630 on : o e e e T T 00230
— GOMPEEN—AATL AT 2y ENT Ly T 24 ANE v ANEWR 000630 OMEZB=I-EXP(-2¢BsUNAG) - 7 orirw av) (1, Eaaesmrs) | 001240
CUMPLEX A12S15A26S12A65519A13¢ o ~— 00250~ |
o CONPEER AR S 2y 26 Sy AGS SRy AT | 900lz60
INTEGER X(4) [ —r270—]
oo PRENF Sy LR E R EFERATEONA- S0 X ;001280
TEMP=1/8 0029 |
mn::}_Nf;n i’I_'EEH : i 001300 i
*Sf‘TE““EHQHS f Pt frejov s 000710 ANEW]l = =CMPLX(AQyA3) BUMAGIN i gg‘fg’éoﬂ”‘z
MUY o= > e b et A H o
) o T T 000720+ ANEW2=EMAEXAAZy AL UMAGINASQRT-A Jrem A QB2 A 35 MAG) ? ~
MA==TPOWER(2) = IPORER(3) ~IPOWER (4) =IPOWER (5) el 000730 ALATY(L15) SANEW LAUINT 1~ANEW25CONUG (UINTzs o7 AEH 08330~
e DO O Sy FSEZESXA T = T SOMBMAVESHEPOWERC 000740 A LA 2- Lol S A NS WA RN F 2 ANE W2 G ONT G- UENT-1) ‘? 001??0
DO50US=1 ISIZESX(2) =JSSMC=MB+JSHIPUWER(2) 000750 SUM=SUM+AD®UMAG ! 0850
S DOG S =y SR ES A S =SS HOSME T RSP EPORER (D) 000760 -5 0 CONTF-FNUE | 0013560
DOSOLS=15 ISTZESX (4) =LSSM1=MO+LS¥ IPOWER (4) 000770 APQ=Yo=SUM/ (644, #ISTZE#4) 001370~
CRSELECTLTM - 000780 PRENFL00yFSF2EyBvAPQ 001380
00 59 i% =194 2 x b 000790 100 FORMAT(" ISIZE=N, 12,0 GROUP=SU(2) 11, | 1359 '
T Y INTL AN E g > 060800~ T CONTF e By e M A Yy PRy Py a0 -
#LOCATE NEXT SITE IN I1 DIRECTION Lo 000810 51  CONTINUE [0~
- M4S5=FPOWER-ETH-E PO =X ) - 000820 - REFURN ~bois20 |
MS5=M]+M4S | X Lifes g © 000830 END 00 H430—
—— 11 B trde b F- P i St B : { 001449
£ 20 3 i peiee Lo ek 2 3 \:"'r'..r\\_;, g 6303#0... i ol
L1s=M1+111IP5 . 000850 i }
= L00P OV ER—PLANES—CONTALNEING— LN — 000860 ! i
DO1J2=193512=MOD(I14J2~1y4) +1 3 % x L 000870 ’
-6 LOCATE-NET GHBORENG—S FFES—AND—L-INKS : : 0006880~ .
M2=M1+IPQWER (12)# (MUP(X(12))~A(12)) 000890 | )
P M3 = POWE RER M OWNAX T2 = %1 2 000900 — E
M4=M3+M45 000910 |
s } 2 FPEBFR U] POWERA S Jme e . 000920+ -
L12=M1+121P5 | , 000930 o '
b3 =M3+I2EP5— 060946 j "
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B

- PROGRAM—EAFTICE-HINPUT O U TR} : OGS o ]
COMMON/VAR/84 ISIZE yMDOWN(10) yMUP (10) 5 IPOWER(5) » ARG 00016¢ |
| S COMMONAVA R AL AT 40000 OOOLT0 o
COMMON/VARZ/ALAT2(40000) . 000180 345 =MB3 1T PS-
e LBy AAF R AL AT S 0C0T0- L4S=M4+I21P5 008550~
CUMPLEX ALAT1,ALAT2 n002nn = kB 6 =ME+ IR EP5- 0009580
“w-EATTICES 000970
# INVERSE | - 000980
~#r—SUBROVTE TTT000990—
#MUP AND M| MVOIO‘IOOO
~#DO-NOTRUI ggfggg"
IS1ZI
hw*wm“—&:é7| —001030—
© 001040
o U abl that thi K&P oo
o ~00H050—
05N S€ variaoie names mean someining. 001080
S ot
DOBN: —0 b
R aam T b
o . 001100
o MRs A i TS
282:! 001120 |
&7 AEAT Dt M= %56;6;_ C Y-Al 34522 CONJG(AL552) ;~-———003-§—%~2.g~._
CALL MON i TSI RS UINT2+AL2 6 SHMAG5 62 DS TEPOE
_.‘um_“._._,-ST.lé';%tnofnTE(:jO) 000410 [ +A1 2652'»CON\JG(A655K{) . ue}..\.JO”"j
- 03326{% e Groronegy 3 i S AL G S x 02 11 f) 0
000570 C  +A134S2%CONJG S 001110
SUBROUTINE MONTE(ITER) 000580~ 3 COMFINGE L) |_oou180
, ; -3 0—]
000590 SSELECT NEW GROUP ELEMENT 0090~
T OO R TS T2 ET MDY Ty MUP L) Y TPOWER {51y 000600~ UMAG=SGRT-LREA LU > CONUE LENTL 1+ UENT: - p0l200 4
| PO o »ne b bR ATy 2|
CgMb‘igj/L:/ﬁfii/lALATl(@OOOO) 000630 UMAGIN l/UMAG Fys 2HCONIGEUENT2 ) ‘ 0'9"1“2“1”0“‘“
T T e 0000} 000626 paSIblus ot
’ s 000630 OM BOBUMARY oo 5 i, 7 ARy 00239
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Google search for Mike Creutz

gle

mike creutz

Web Images News Videos Shopping More ~ Search tools

About 38,500 results (0.19 seconds)

Michael Creutz - BNL
quark.phy.bnl.gov/~creutz/ ~

Michael Creutz - latticeguy.net - resume - publications - pictures from previous
conferences - qcdoc programs - xtoys - recent slides - z2 - windsurfing - pgp key.

Michael Creutz's publication list - BNL
thy.phy.bnl.gov/~creutz/.../pubs.html ~ Brookhaven National Laboratory ~

MICHAEL CREUTZ Publications. Updated: January, 2011. 1. M. Creutz, S.D. Drell and
E. A. Paschos, "High-energy limit for the real part of forward Compton ...
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Paul Mackenzie
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Michael
Creutz

Michael John Creutz is an
American theoretical
physicist at Brookhaven National
Laboratory specializing in lattice gauge
theory and computational physics.
Wikipedia
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Quarks, gluons, and lattices

Quarks, gluons
and lattices

M. CRELTZ

CAMBRIINGE MONDMLERANES ON
MATHEMATICAL PHYSICS

e Another important contribution
of Mike's to novice lattice
gauge theorists: Quarks,
gluons, and lattices.

o |ike the SU(2) program, a

model of brevity and clarity.

e Important as a textbook and a

reference book.
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Quarks, gluons, and lattices
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Quarks, gluons, and lattices

Five years ago in
Mainz, bought
Mike a beer to say
thank you.
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Quarks, gluons, and lattices

e Recent research: CUP monograph authors receive
10-15% of list price in royalties.

o (10-15% x $54.15 = $5.41-$8.12)
e Beer: 3 eurosx1.3=%3.90
e Royalty deficit: $5.41-$8.12 - 3.90 = $1.51-$4.22.

e Beer deficit: 1-2.
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Quarks, gluons, and lattices

o 2x(10-15% x $54.15) =
2x($5.41-$8.12) =
$10.82-$16.24

¢ Royalty deficit: 2x($5.41-
$8.12) - 3.90 = $6.92-$12.34

e Beer deficit; 2-4
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Conclusion???
We are all indebted to
Mike.
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We are all very indebted to Mike.

for his foundational work in the present approach to
lattice QCD, and much else.

e (I in more ways than most people.)

e For your discoveries, your teaching, and
your inspiration,

Thank you, Mike!
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